institut, Centar za općekorisne funkcije šuma "Josip Ressel",154.brigadeHrvatskevojske2,HR-52000Pazin,Hrvatska,zeljkoz@sumins.hr, 2 Dr.sc.HrvojeMarjanović,Ph.D.,CroatianForestResearchInstitute,DivisionforForestManagementandForestryEconomics,Hrvatski šumarski institut, Odjel za uređivanje šuma i šumarsku ekonomiku, Trnjanskacesta35,HR-10000Zagreb,Hrvatska,hrvojem@sumins.hr, 3 Prof. dr.sc.DankoDiminić,Professor,Ph.D.,UniveristyofZagreb,FacultyofForestry,DepartmentofForestProtectionandWildlifeManagement,Sveučilište u Zagrebu, Šumarski fakultet, Zavod za zaštitu šuma i lovno gospodarenje,Svetošimunska25,HR-10000Zagreb,ddiminic@sumfak.hr.
INTRODUCTION UVOD
Sphaeropsis tip blight (Sphaeropsis sapinea (Fr.) Dyko et Sutton) caused a substantial damage and dieback of Au-studied and described in details (Diminić 1997 ) it was unclear which abiotic and biotic factors are detrimental for disease outbreak. Results of Diminić et al. (2003; revealed the predisposition of Austrian pine to Sphaeropsis tip blight infection depending on bedrock, soil type and water availability. Draught was also highlighted as a crucial stress factor in north Dalmatia, Croatia, which predispose pines for different pathogen attack (Pernek et al. 2012) . Afterwards, Austrian pine plantations with higher ratio of ectomycorrhizal (ECM) fungal species in the total number of recorded species were confirmed as more resistant to S. sapinea infection (Zgrablić et al. 2015) . Although fungi play a crucial role in forest ecosystem stability acting as saprotrophs, symbionts or parasites (Zgrablić et al. 2014) , they still represent a large group of organisms that lack fundamental knowledge of their diversity on global scale (Kuyper 1994; Tkalčec et al. 2008) . Fungal diversity on Earth is estimated to 1.5 up to 7 million species, with many species still waiting to be described (Blackwell 2011; Kuyper & Giller 2011) . This confirms that biodiversity as a global concept of variety of life, is crucial for sustainable functioning and survival of ecosystems on Earth (Perini & Laganà 2004) . According to various authors, a healthy forest ecosystem contains 40-60% of mycorrhizal species and fruit bodies in the total count of present species and their fruit bodies (both mycorrhizal and saprobic) (Arnolds 1991; Fellner 1989 Fellner , 1993 Fellner & Peškova 1995; Egli 2011) . It is well known that mycorrhizal plants are more resistant to biotic and abiotic stress, transplantation stress, soil pathogens, high temperatures, salinity and extreme pH soil conditions (Kendrick 2000; Palermo et al. 2003; Perotto et al. 2013 ).
Subsequently, many studies were conducted to describe the performance of inoculated seedlings and mycorrhizal communities of forests damaged by air pollution. Resistance of Norway spruce seedlings roots with different mycorrhizal inoculums were tested to prevent the attack of honey fungus (Armillaria (Fr.) Staude) in the Czech Republic. Treated seedlings showed significantly higher dimensions than the control sample even in the areas of honey fungus high infection rate (Holuša et al. 2009 ). Different authors described the decline of mycorrhizal fungal communities caused by air pollutants (Termorshuizen & Schaffers 1987 Arnolds 1991; Fellner 1993; Fellner & Pešková 1995; Matočec et al. 2000; Pešková 2005 Pešková , 2007 Kraigher et al. 2007 ). Deciduous and coniferous forests were studied in Czech Republic where stands were grouped in three classes according to their health status (latent, acute and lethal). The results clearly indicated the connection of trees crown transparency and the number of mycorrhizal species and their fruit bodies. Furthermore, it was determined that percentage of active and non-active mycorrhiza on root tips strongly depends on host plant health condition, same as on health condition of entire forest (Fellner 1993; Fellner and Peškova 1995) . Studies of Quercus ilex L. forests from Italy, where selected trees were grouped in three different health classes, showed only 25% of common fungal species between the classes. This indicated that altered health conditions influence the ECM community, meaning that a healthy tree can choose its mycorrhizal partner less demanding in terms of nutrients, while the infected tree loses this possibility (Druebert et al. 2009; Montecchio et al. 2009 ). Mycorrhizal communities of sweet chestnut (Castanea sativa Mill.) forests in Italy affected by ink disease (Phytophthora cambivora (Petri) Buism.) were studied, where selected trees were classified according to ink disease symptoms in three classes. Oppositely than expected, number of mycorrhizal morphotypes on chestnut roots was not significantly different between the classes. However, cluster analyses revealed that with increasing symptoms of ink disease, the ECM community was more similar, whereas asymptomatic trees differed significantly from symptomatic classes and inside the group (Scattolin et al., 2012) .
Despite to all above mentioned results, there is a substantial gap of knowledge on interaction between fungal diversity as a potential indicator of Austrian pine plantations resistance towards disease outbreak and S. sapinea infection rate. S. sapinea is a very specific pathogen that causes the damage or a dieback of Austrian pine in natural habitats or plantations all over the world (Swart & Wingfield 1991; Diminić 1997) . Its principal characteristic is the possibility to attack all parts of the tree that had suffered abiotic stress, mainly draught (Diminić et al. 2012) . The pathogen can live as an endophyte in the healthy pine needles without causing any damage for years, but abiotic stress can act as a trigger to activate its parasitic stage of life (Stanosz et al. 2001; Deriu 2010 ).
Among Austrian pine plantations in Istria, we observed differences in species composition and richness. Considering the principles of integrated forest protection as more sustainable and environmentally less harmful method in relation to conventional use of pesticides in forest protection (Feldmann et al. 2003) , in this research, for the first time, we studied macrofungal diversity as a potential indicator of tree health status and S. sapinea infection rate, respectively. From the present knowledge and observations, we draw our hypotheses that plantations with higher diversity of fungal species (species richness), are more resistant to S. sapinea infection outbreak. More precisely, we tested the total and ECM species richness, and Shannon diversity index for the total count of species and for ECM species only, in relation towards an average number of S. sapinea pycnidia on needles and an average crown transparency of Austrian pines. Macrofungi samples were collected during 2013, from week 36 to week 50, every fortnight. To minimize the effect of mushroom pickers, sampling was conducted on Wednesday and Thursday whenever possible (according to Martínez de Aragón et al. 2007) , regardless the weather conditions. By macrofungi we assumed all fungi that form fruit bodies larger than 1 mm, or visible by naked eye, respectively (Arnolds 1992) . All samples were recorded with digital camera. Each fungal species with all its sporocarps on the plot represented one sample. They were collected in a wax paper bags, assigned and processed in laboratory on the same day. Sporocarps were counted, measured, described and dried for 48 hours at 35-40 °C. Afterwards, they were packed in plastic bags and deposited to Croatian National Fungarium (CNF) for further identification. Samples that could not be identified only by their macroscopic characteristics, were identified by standard microscopy methods on dry material (Mešić & Tkalčec 2009 ), using light microscope Olympus BX51, with magnification up to 1500× and novel taxonomic literature (Breitenbach & Kränzlin 1986 , 2000 Kuyper 1986; Kytövuori 1989; Bas et al. 1990 Bas et al. , 1995 Bas et al. , 1999 Sarnari 1998 Sarnari , 2005 Antonín & Noordeloos 2004 , 2010 Knudsen & Vesterholt 2012) . Trophic status of collected fungal species was determined according to Brundrett (2008) , Rinaldi et al. (2008) and Comandini et al. (2012) . Names of identified species and author abbreviations follow MycoBank (www.mycobank.org 2016).
MATERIALS AND METHODS

MATERIJALI I METODE RADA
From each plot one tree with an average crown transparency level was selected to confirm the fungus Spheropsis sapinea presence and to reveal the number of present pycnidia as well. Each tree was represented with five branches and 20 needles (100 needles per plot). Analyzes of Sphaeropsis tip blight infection were conducted in the Laboratory of trees pathology, Faculty of Forestry, University of Zagreb. Needles were kept moistened in Petri dishes for 48 h. Total number of developed pycnidia on needles was counted under a stereo microscope (Leica Leitz MZ8). To confirm the presence of S. sapinea, five needles were randomly selected from each sample and analyzed under a light microscope Olympus BX53, with magnification up to 400×, equipped with digital camera Motic MoticamPro 252A. Shape and size of pycnidia and spores were controlled in the cross section (according to Diminić 1997) . Crown transparency was Fungal diversity was evaluated using Shannon diversity index (H) (Heip et al. 1998; Molles 1999; Martín-Pinto et al. 2006 ), defined as:
where P i stands as a proportion (n/N) of individuals in a single species (n), divided by the total number (N) of individuals in the sample, while S represents the total number of recorded species (species richness) at the plot.
Shannon index was calculated with PAST 3.06 software (Paleontological Statistics, Natural History Museum, University of Oslo, Norway), based on the total number of species (H) and number of ectomycorrhizal species (H') separately for every plot. Species richness (S) and Shannon index (H) were used as independent variables, while the number of S. sapinea pycnidia and crown transparency were used as dependent variables to calculate linear regression and correlation analyzes to compare the values between the plots. All analyzes were performed with Statistica 10 software (StatSoft, Inc., Tulsa, OK, USA). To test statistical significance, in all analyzes a 95% confidence level was used (p < 0.05). Statistical results were interpreted according to Horvat & Ivezić (2005) .
RESULTS
REZULTATI
Results from data obtained on nine plots during 2013 showed different species richness, crown transparency and diversity index distribution. In total, 3377 sporocarps were recorded, belonging to 124 fungal species and 48 genera, with 51 ectomycorrhizal (ECM) species. Plot Trošti was the most rich in fungi species (35), and was followed by plots Trstenik (34) and Lesišćina (33) ( Table 2) . At plots Lovranska Draga and Paz richness accounted for only 15 species.
The highest number of ECM species was recorded on plots Lesišćina (22), and Previž (19), while the plot Lovranska Draga was the most poor in ECM species (5). The highest value of Shannon index (H) was recorded on plot Trstenik (3.04), while the lowest one was at plot Previž (1.38) ( Table  2) . For ECM species, the highest value of Shannon index (H') was at plot Lesišćina (2.14), while the lowest one was at plot Kurbino brdo (0.60). Sphaeropsis sapinea pycnidia were not found at plots Previž and Lesišćina, while they were abundant at plots Trošti, Kurbino brdo and Mali Golji. On analyzed needles, together with S. sapinea, Truncatella hartigii (Tubeuf) Steyaert was present. Plot Trošti was the most infected by S. sapinea with an average number of 24.46 pycnidia/needle (Table 2) , and had the highest average crown transparency (44.17%), while the lowest one was recorded on plot Lesišćina (6.86%) ( Table 2 ).
According to the linear regression model, there is an indication of weak positive correlation (r = 0.273), between species richness and an average number of S. sapinea pycnidia, but it is not statistically significant (p = 0.477) (Figure 1 ). Table 2 : Description of an average number of S. sapinea pycnidia (P av ), average crown transparency (CT av ), species richness (S), ectomycorrhizal (ECM) species richness (S'), Shannon index (H) and ectomycorrhizal (ECM) species Shannon index (H') at all research plots. Tablica 2: PrikazprosječnogbrojapiknidaS. sapineanaiglici(P av ),prosječneosutostikrošanja(CT av ),ukupnogbrojavrsta(S),ukupnogbrojaektomikoriznih (ECM)vrsta(S'),Shannonindeksa(H)iShannonindeksaektomikoriznih(ECM)vrsta(H')zasveistraživaneplohe. indicated strong negative correlation (r = -0.511; p = 0.160) with respect to an average number of pycnidia, but also not statistically significant (Figure 7) . Even weaker correlation, and again not statistically significant (r = -0.325; p = 0.393), was found between ECM species Shannon index and an average crown transparency (Figure 8 ).
DISCUSSION AND CONCLUSION
RASPRAVA I ZAKLJUČAK
Ecological and economical losses in Austrian pine plantations caused by Sphaeropsis sapinea keeps preoccupying forest managers and scientists attempting to prevent and minimize its damage. Our study was based on sporocarp sampling which is a very complex method, time consuming Species richness does not correlate with crown transparency (r = -0.100) (Figure 2 ). ECM species richness seemingly negatively correlates (r = -0.564) with an average number of pycnidia on needle, but it is also not statisticaly significant (p = 0.114) (Figure 3 ). ECM species richness showed statisticaly significant (p = 0.018), and very strong negative correlation (r = -0.756) in respect to an average crown transparency (Figure 4 ). Between Shannon index and an average number of pycnidia on needle ( and a topic of many debates (Zotti et al. 2013) . At the same time, it is cheaper than molecular methods, with epigeous fungal sporocarps easily accessible in favorable conditions (Schmit & Lodge 2005) . Macrofungi emphasize a vast majority of ectomycorrhizal and saprobic species which showed repeated positive correlation with mycelial activity (Kuyper 1994) , which justifies the selected methodology. Described results in this paper are a part of the research process that continues on previous studies of the same Austrian pine plots where predisposition to S. sapinea infections caused by draught was determined as a key factor (Diminić 1997; Diminić et al. 2003 Diminić et al. , 2012 . Furthermore, Zgrablić et al. (2015) confirmed the importance of ectomycorrhizal (ECM) fungi ratio in the total count of species.
Plantation with a ratio of EMC fungal species higher than 60% was free from S. sapinea pycnidia on needles and had a negligible crown transparency. It is difficult to compare our results with other studies because there is a gap of knowledge considering the research of fungi in Austrian pine forests and plantations in general, especially in relation to health conditions. Recorded 124 fungal species, of which 51 were ECM in our study, represent higher species richness than has been recorded in Austrian pine plantations on serpentine bedrock in Liguria, Italy (Zotti et al. 2013 ). There were 94 species recorded of which 47 ECM. Shannon diversity index ranged from 1.84-3.34 for total species richness, and 1.05-2.26 for ECM species group, reflecting higher values than in our study. However, it is difficult to compare these studies because of different methodology. Experiment in Liguria consisted of 11 plots which were larger (32 × 32 m) and surveyed through four years for epigeous and hypogeous fungi, but without considering the health status of Austrian pine trees. Research of Austrian pine macrofungi in Istria at previous study (Zgrablić et al. 2015) revealed a total of 88 epigeous fungal species of which 47 were ECM. Luoma & Eberhart (2006) conducted a research of the below-ground ECM diversity in the Pacific Northwest, USA, on Douglas fir affected by Swiss needle cast disease (SNC) (Phaeocryptopus gaeumannii (T. Rohde) Petr.). According to their preliminary results, it is evident that stands with stronger SNC severity had a significantly less ECM types/soil core than stands with low infection rate and the control site outside the SNC disease symptoms zone. They conclude that below-ground ECM community could be used as a forest health indicator for early detection of Swiss needle cast (SNC) susceptibility.
Many studies clearly indicated the effect of air pollution on forest ecosystems, consequently showing a decline in num-ber of ECM fungal species, their sporocarps and mycorrhizal root tips (Termorshuizen & Schaffers 1987 Arnolds 1991; Fellner 1993; Fellner & Pešková 1995; Matočec et al. 2000; Pešková 2005 Pešková , 2007 Kraigher et al. 2007 ). Together with loss of mycorrhizal diversity, symptoms of disturbance were visible on many forest tree species, especially conifers. Even though it is believed that fungi play an important role in stability of forest ecosystems and help protect their plant host from physiological stress and pathogen, published results until now did not clearly prove it (Egli 2011) . From this point of view, saprobic and ECM macrofungi cannot be generalized as indicators of forest trees health status. To consider them as forest health indicators it is necessary to study more in detail the specific group of macrofungi and their relation towards the different abiotic and biotic factors.
Based on the results of this study, we partly rejected our hypothesis. We concluded that total species richness (S) cannot be used as an indicator of forest susceptibility to S. sapinea disease outbreak due to week or nonexistent correlation with pycnidia and crown transparency ( Figure  1 & 2) . The same statement can be applied for Shannon index (H) as an indicator of S. sapinea pycnidia ( Figure  5 ). ECM species richness (S') showed an opposite trend. With its increase to 22 species/plot the number of S. sapinea pycnidia decreases to zero, which is confirmed by the regression model, although not statistically significant (Figure 3). Even more, there is a strong negative and statistically significant correlation between S' and crown transparency (Figure 4 ). With 20 species/plot, we can expect the crown transparency to be below 10%. In this case, we can assume the ECM species diversity as a good indicator of Austrian pine plantations health status. Nevertheless, the crown transparency itself does not indicate the presence of S. sapinea and can be used only in the case when the pathogen is confirmed. According to linear regression model, we can expect crown transparency higher than 25% when H is 2.4, and higher than 30% when H is above 3.0 ( Figure 6 ). The correlation between H' and crown transparency is week and consequently rejected our hypothesis, but there is a strong correlation between H' and the number of S. sapinea pycnidia. In the case when H' surpasses 2.4 we can expect the healthy needles without S. sapinea pycnidia presence, which in a part, confirms our assumption. To gain more reliable and precise results, it is recommended to survey additional plots through longer period and to include in research analyses of stand factors like altitude, aspect, precipitations, bedrock and soil type, pH, plant nutrition status and phytocoenological survey. That would enable the development of new methods and models of integrated forest protection in accordance with pronounced changes of ecological conditions of the Austrian pine habitats. 
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